Deep mining is the most important way to obtain the resource in China now. Thus, rock is the main objective that the deep mining will encounter. Meanwhile, the frequent catastrophes in deep mining such as rock burst, coal and gas bursts, roof caving, water bursts, is the most serious problem. To have a better understanding of the mechanisms of fracture and the laws of damage evolution of rock and coal under deep environment, in this paper, the micro-and meso-scale method is employed to study the behavior of coal under different temperature, confining pressure and gas pressure. Then, the significance of the effect of temperature, confining pressure, and gas pressure on mechanical parameters is analyzed by using the ANOVA method. The fractal study of coal failure pattern by employing the SEM test and fractal dimension was carried out. The fractal dimension of coal fractures was calculated by using the box-covering method. Then, the effects of all factors on the fractal dimension of coal fractures were analyzed.
Introduction
Deep mining is the most important way to obtain the resource in China now [1] . Thus, rock is the main objective that the deep mining will encounter. Meanwhile, the frequent catastrophes in deep mining such as rock burst, coal and gas bursts, roof caving, water bursts, are the most serious problem. This indicate that the understanding and knowledge of the physical and mechanical behavior of rocks cannot yet fully meet the needs of engineering design. The mechanisms of fracture and the laws of damage evolution of rock and coal under deep environment in the micro-and meso-scale has theoretical and practical significance.
At present, a large number of studies have shown that temperature, confining pressure, gas and other factors have important influence on the Mechanical properties of coal [2] . Du [2] obtained that the elastic modulus and compressive strength of coal increased with in-creasing confining pressure through triaxial tests. Li et al. [3] obtained that the confining pressure improves the mechanical properties of coal, and the effective stress improves the mechanical properties of coal in the triaxial compression test of gas-bearing coal. Meng [4] conducted triaxial compression tests of sandstones under different temperature and pressure conditions. The results showed that the temperature had a weakening effect on the strength and stiffness of sandstone, while confining pressure had a strengthening effect. Zha [5] carried out triaxial tests of coal under different temperatures and found that there are differences in the effect of temperature on the compression characteristics of coal.
It is well known that fractures after coal failure record its fracture process, and information about the fracture mechanism is stored on the fracture. At present, the analysis of rock fractures mainly uses fractal theory. For example, Babadagli [6] studied fractal characteristics of rock fracture surfaces under tension, and found that there exists a trend between the fractal dimension and loading rate. Ren [7] carried out a sandstone fracture test and analyzed the relationship between fracture fractal dimensions and loading methods. Ai [8] the existing method for calculating the fractal dimension of rock fractures is mainly the box covering method. Ai has improved it and verified the effectiveness of the method through experiments.
However, the study on the changes of mechanical properties and fractal characteristics of coal under the different temperature, gas and confining pressure is not enough. Therefore, in this paper, the orthogonal test of coal under different temperatures, different confining pressures and different gas pressures was carried out. The changes of the mechanical parameters and the fractal characteristics of fractures of coal under the effects of temperature, confining pressure and gas are analyzed.
Mechanical test of the coal

Test design and specimen preparatio
To carry out a comprehensive test, a lot of manpower and material resources are required, 54 samples required for two repeated tests. It is difficult to meet such conditions in the test. Therefore, efficient test methods are necessary for multi-factor and multi-level tests.
Orthogonal test [9] is an effective test method for studying multi-factor and multi-level tests. Orthogonal table, is the basic tool for orthogonal test, which is based on the combination theory. The orthogonal table designed for this study is shown as tab. 1. Two specimens are tested in each group. The group number denotes the test condition of the group, for example, M20-3-8 represents that this group of specimen will be tested at the condition of 20 °C, 3 MPa gas pressure, and 8 MPa confining pressure.
The coal samples are collected from Shoushan mine in Xuchang, Henan Province, China as shown in fig. 1 . The depth of the 
T, G, and C represents temperature, gas pressure, and confining pressure, respectively
Coal specimen of Shoushan
Figure 1. Location of the coal samples
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working face is 580~705 m and the gas pressure is 1.5-2.0 MPa and the gas content is 20-22 m 3 per tonne. The composition of coal samples is analyzed by X-ray diffraction (XRD). As shown in fig. 2 , the main components of coal samples are calcite, kaolinite and quartz. Cutting and polishing work of the cylindrical cores are carried out by a diamond cutter with an acute blade and a grinder, respectively. The specimens are prepared in general accordance with ISRM standard [10] . The height and diameter of the test specimens are 100 mm and 50 mm. 
Figure 2. The XRD test on the coal; (a) X-ray equipment, (b) X-ray testing results
The test is carried on by using the TAW-2000 servo-control rock triaxial testing facility and pulse gas facility as shown in fig. 3 . The experimental process is: -to install the sensor and fix the specimen in the pressure chamber, -to zero the readings of axial and radial sensors, -to apply the confining pressure (for triaxial test), -to heat up the triaxial cell (for tests at 40 °C and 80 °C), -to apply the confining pressure (for triaxial test), -to apply gas pressure, and -to apply the axial load at an axial strain rate of about 3.3 ⋅ 10 -6 /s until the specimen broken. Test results and analysis
Mechanical parameters and analysis
According to tab. 2 and fig. 4 , it's can be concluded that there are obviously different within the peak stress, denoted as σ p elastic modulus, denoted as E and poisson's ratio, denoted as μ of coal. Therefore, analysis the effect of various factors on σ p , E and μ of coal. by using the ANOVA. 
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It can be seen from tabs. 3-5 that all factors have a significant effect on the elastic modulus, poisson's ratio, and peak stress of coal. The significant level of confining pressure and gas pressure on the σ p , E, and μ is above 95%. The significant level of temperature on the σ p and E is above 95%. But the significant level of poisson's ratio is 90%. 
The influence of various factors on σ p , E, and μ
The significance of each factor was studied, but the quantified relationships among them have not yet been analyzed. Table 6 summarizes the relationships of confining pressure, C, temperature, T, and gas pressure, G, with the mechanical parameters obtained in some previous studies. It can be observed that the relationship between peak stress, elastic modulus, Poisson's ratio and temperature, confining pressure and gas pressure can be approximated by linear model. The non-linear part of the non-linear model is very small compared with the linear part. In this study, linear models will be used to describe the relationship between various factors and mechanical parameters of coal.
As shown in tab. 7, the significance of each factor's linear fitting to mechanical parameters can be expressed: From the equations, we can found that all factors are positively correlated with the σ p , E, and μ. And the influence weight of gas pressure is the highest, the confining pressure is the second, and the temperature is the least.
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Analysis of fractal characteristics of fracture surface of coal
Scanning electron microscope test of coal fracture
The quanta 250 SEM is used in the test. Cutting 1 cm 2 size slices at the fracture surface of the specimen and wipe the surface clean with alcohol. Then fix it on the SEM test bench with a conductive adhesive. Electron beams generate charge accumulation on the surface of rock minerals, affecting the observations. Therefore, the surface of the specimen should be sprayed with gold before observation. The result can be seen from fig. 4 . 
Fractal theory and calculation method of fractal dimension
Mandelbrot proposed a fractal theory based on self-similarity and scale invariance of the measurement object's body shape. It's can be used to characterize certain irregular geometric shapes. Fractal has become a powerful tool for natural structures modelling such as fracture surfaces, cracks and fault traces [15] [16] [17] [18] [19] [20] . Both micro-and macro-structure have fractal property and can be characterized by the fractal dimension. The information of the fracture process is recorded on the rock fracture and has statistical self-similar characteristics. Therefore, fractal geometry theory was used to calculate the fracture fractal dimension, and then quantitatively describe the complexity of fracture morphology.
First, the images of SEM test were binarized. Then, use box counting method to calculate fractal dimensions of fracture microscopic images. Overlay the image with squares of size r, and then change the size of r to get the number of grids N with different r values covering the fracture defects. Double-logarithm processing for r and N. The slope is the fractal dimension D. The result is shown in tab. 8. Finally, by ANOVA, the significance of the influence of various factors on the fractal dimension of coal fracture surface. 0.000236 0.001 0.000159 1.965
According to the statistical analysis results, tab. 9, the temperature and confining pressure have a significant effect on the fractal dimension of coal fracture surface, and the significant level is above 95%. From tab. 10, it can be seen that the significant level of the fracture surface with a linear relationship between confining pressure and temperature is above 90%, and the temperature and confining pressure are positively correlated with the fractal dimension of the coal fracture surface, and the gas pressure is negatively correlated. 
Conclusions
y The significance of the effects of T, C, G on the σ p , E, μ, and D of coal was analyzed by using ANOVA. It can be seen from tabs. 3-5 that all factors have a significant effect on the σ p , E,
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μ. of coal. The significant level of C, G on the σ p , E, and μ is above 95%. The significant level of T on the σp and E is above 95%. But the significant level of μ is 90%. Temperature and confining pressure have a significant effect on the D of coal fracture surface, and the significant level is above 95%. y The linear model is used to describe the variation law of the peak stress, poisson's ratio, elastic modulus of the coal under the confining pressure, the temperature and the gas pressure. Temperature and confining pressure are positively correlated with the D of the coal fracture surface, and the gas pressure is negatively correlated. Greek symbols ε 1 -axial strain of the specimen, [-] µ -Poisson's ratio of the specimen, [-] σ p -peak stress of the specimen, [MPa] 
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